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Description 

The present invention relates to an image display 
system such as a liquid crystal display (LCD) system for 
displaying image information with a three-dimensional 
matrix of pixels arranged in horizontal rows and vertical 
columns, and more particularly to a method of and an 
apparatus for increasing the apparent number of pixels 
to improve the resolution of displayed images in such 
an image display system, and an imaging apparatus 
which is capable of increasing the apparent number of 
pixels to improve the resolution of images produced 
thereby. 

There has been known an image display system 
such as an LCD system for displaying image information 
with a three-dimensional matrix of pixels arranged in 
horizontal rows and vertical columns. 

For displaying color images on such an image dis- 
play system, a horizontally repeated pattern of vertical 
stripe filters of three primaries, i.e., red, green, and blue, 
is placed over the matrix of pixels, with each vertical 
stripe filter being aligned with one vertical column of pix- 
els. However, since one vertical stripe filter of a certain 
primary exists in every three vertical columns of pixels, 
the color images displayed on the image display system 
suffer a poor horizontal resolution. 

To solve the above problem, it has been customary 
to shift every other horizontal row of pixels horizontally 
by 1/2 of the horizontal pitch of pixels and also to shift 
pixels associated with the same primaries in every other 
horizontal row of pixels horizontally by 1/2 of the hori- 
zontal pitch of those pixels which are associated with 
the same primaries. The pixels thus arranged are com- 
bined with a staggered pattern of filters of primaries. 

Usually, the conventional image display system dis- 
plays an image according to an interlaced scanning 
process in which an image pattern of an odd-numbered 
field and an image pattern of an even-numbered field 
are successively displayed on the same pixels, so that 
the image can be displayed with a small number of pix- 
els. 

A device of this type is for example disclosed by 
document EP-A-0469575. 

The interlaced scanning process effected on the 
conventional image display system has a problem in 
that it fails to achieve a sufficient level of resolution. 

Displaying an image on the image display system 
according to a noninterlaced scanning process requires 
that the number of pixels in the vertical direction be twice 
that which is necessary by the interlaced scanning proc- 
ess. However, if the number of pixels is increased for 
higher resolution in the image display system that is 
composed of a cluster of pixels, then the vignetting fac- 
tor of the image display system is lowered, and dot de- 
fects are produced resulting in a lower yield and a higher 
cost. The noninterlaced scanning process also requires 
a memory for storing one horizontal line or field of image 
information, and makes the arrangement for driving the 



image display system complex. 

It is therefore an object of the present invention to 
provide a method of and an apparatus for optically in- 
creasing the apparent number of pixels to improve the 
$ resolution of displayed images, without actually increas- 
ing the number of pixels used. 

Another object of the present invention is to provide 
an imaging apparatus which is capable of optically in- 
creasing the apparent number of pixels to improve the 
10 resolution of images produced thereby. 

According to the present invention, there is provid- 
ed a method of increasing resolution of an image dis- 
played to a viewer on an image display system having 
a matrix of pixels arranged in horizontal rows and verti- 
J 5 cal columns and selectively energizable to display an 
image composed of a plurality of pixel patterns in alter- 
nate fields, comprising the steps of: 

providing an optical path changer formed of a light 
refractive member; 

positioning the optical path changer between the 
image display system and the viewer so that the 
viewer views the image through the optical path 
changer which is for shifting the optical path be- 
tween the display system and the viewer to optically 
shift a pixel pattern; 

operating said optical path changer to shift said op- 
tical path by refraction; and 
displaying the pixel pattern on said image display 
system to be shifted in every field in synchronism 
with the shifting of said optical path by said optical 
path changer by shifting a horizontal clock signal of 
said image display out of phase with a horizontal 
synchronizing signal of image information supplied 
thereto in conformity with sampled positions on the 
displayed image when the optical path is shifted 
horizontally, and 

shifting a vertical clock signal of said image display 
system out of phase with a vertical synchronizing 
signal of image information supplied thereto in con- 
formity with sampled positions on the displayed im- 
age when the optical path is shifted vertically. 

When the optical path is changed or shifted verti- 
cally in every field, for example, image information of 
odd-numbered fields and image information of even- 
numbered fields are displayed on the image display sys- 
tem in timed relation to the changing of the optical path. 
Since the optical path is vertically shifted, the pixel po- 
sitions in the odd-numbered fields and the pixel posi- 
tions in the even-numbered fields are apparently dis- 
placed from each other, resulting in a displayed image 
according to the noninterlaced scanning. Stated other- 
wise, the viewer can view the displayed image with 
greater resolution such that number of pixels is appar- 
ently doubled in the vertical direction. 

The optical path can also be changed or shifted hor- 
izontally. When the optical path is horizontally shifted in 
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every field and pixel patterns to be shifted horizontally 
are displayed in timed relation to the horizontal changing 
of the optical path, the number of pixels can also be ap- 
parently increased in the horizontal direction. 

According to the present invention, there is also pro- s 
vided an image display system comprising: 

an image display device receiving image informa- 
tion and having a matrix of pixels arranged in hori- 
zontal rows and vertical columns and selectively en- 10 
ergizable in response to a horizontal clock signal 
and a vertical clock signal to display an image com- 
posed of a plurality of pixel patterns in alternate 
fields; 

an optical path changer formed of a light refractive 15 
member disposed between said image display de- 
vice and a viewer so that the viewer views a dis- 
played image on said image display device through 
the optical path changer and for shifting the optical 
path between said image display device and the 20 
viewer and to optically shift pixel patterns; and 
shifting means for shifting pixel patterns displayed 
on said image display device in time relation to the 
change of the optical path by said optical path 
changer by shifting said horizontal clock signal in 2s 
every field out of phase with a horizontal synchro- 
nizing signal of the image information supplied to 
said image display device in conformity with sam- 
pled positions on the displayed image when the op- 
tical path is shifted horizontally by said optical path 30 
changer and/or shifting said vertical clock signal in 
every field out of phase with a vertical synchronizing 
signal of the image information in conformity with 
sampled positions on the displayed image when the 
optical path is shifted vertically by said optical path 35 
changer. 

The invention will be further described by way of ex- 
ample in the following description of illustrative embod- 
iments thereof to be read in conjunction with the accom- 40 
panying drawings, in which like reference numerals rep- 
resent the same or similar objects, and in which:- 

FIGS. 1 A through 1 C are views showing pixel pat- 
terns and an optically combined pixel pattern ac- 45 
cording to an embodiment of the present invention; 
FIGS. 2A through 2C are views showing pixel pat- 
terns and an optically combined pixel pattern ac- 
cording to another embodiment of the present in- 
vention; so 
FIGS. 3A through 3C are views showing pixel pat- 
terns and an optically combined pixel pattern ac- 
cording to still another embodiment of the present 
invention; 

FIGS. 4A through 4C are views showing pixel pat- s$ 
terns and an optically combined pixel pattern ac- 
cording to yet still another embodiment of the 
present invention; 



FIG. 5 is a schematic view, partly in block form, of 
an apparatus for increasing a resolution in an image 
display system according to an embodiment of the 
present invention; 

FIG. 6 is a circuit diagram of an LCD panel for use 
in the image display system; 
FIG. 7 is a block diagram of the image display sys- 
tem; 

FIGS. 8A through 8C are timing charts illustrative 
of the manner in which a displayed image is hori- 
zontally shifted; 

FIGS. 9A through 9C are timing charts illustrative 
of the manner in which a displayed image is verti- 
cally shifted; 

FIGS. 10A through 10D are timing charts illustrative 
of the changing of an optical path by way of exam- 
ple; 

FIG. 11 is a diagram showing the principles of the 
changing of an optical path in the apparatus shown 
in FIG. 5; 

FIG. 12 is a schematic view, partly in block form, of 
an apparatus for increasing a resolution in an image 
display system according to another embodiment 
of the present invention; 

FIGS. 1 3A through 1 3C are timing charts illustrative 
of the changing of an optical path in the apparatus 
shown in FIG. 12; 

FIG. 14 is a diagram showing the principles of the 
changing of an optical path in the apparatus shown 
in FIG. 12; 

FIG. 15 is a schematic view, partly in block form, of 
an apparatus for increasing a resolution in an image 
display system according to still another embodi- 
ment of the present invention; 
FIGS. 1 6A through 1 6C are timing charts illustrative 
of the changing of an optical path in the apparatus 
shown in FIG. 15; 

FIG. 17 is a diagram showing the principles of the 
changing of an optical path in the apparatus shown 
in FIG, 15; 

FIG. 18 is a diagram showing another optical path 
changer for use in the apparatus shown in FIG. 15; 
FIG. 19 is a schematic view, partly in block form, of 
an apparatus for increasing a resolution in an image 
display system according to yet still another embod- 
iment of the present invention; 
FIG. 20 is a schematic view, partly in block form, of 
an apparatus for increasing a resolution in an image 
display system according to a further embodiment 
of the present invention; 

FIGS. 21 A through 21 C are plan, front elevational, 
and side elevational views, respectively, of an opti- 
ca! path changer for use in the apparatus shown in 
FIG. 12; 

FIG. 22 is a perspective view of a polarization plane 
rotator for use in the apparatus shown in FIG. 15; 
and 

FIGS. 23A through 23G are timing charts showing 
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the manner in which the polarization plane rotator 
shown in FIG. 22 operates. 

First, methods of increasing a resolution according 
to the present invention will be described below. 

FIGS. 1 A through 1 C and 3A through 3C show stag- 
gered patterns of three-primary pixels, which are actu- 
ally composed of pixels and filters of three primaries of 
red (R), green (G), and blue (B) disposed in front of the 
pixels, for use in a color image display system. 

In FIGS. 1 A through 1C, the positions of displayed 
pixels are optically shifted vertically for allowing the 
viewer of an image produced by the pixels to see the 
image as if the pixels were present on the optically shift- 
ed positions, and the image is displayed on the color 
image display system. 

More specifically, FIG. 1 A shows a color pixel pat- 
tern which comprises a staggered matrix of three-prima- 
ry pixels that is not optically shifted in any direction. The 
pixels are spaced horizontally by a pitch PH and verti- 
cally by a pitch Pv. FIG. 1 B shows a color pixel pattern 
which also comprises a staggered matrix of three-pri- 
mary pixels that is optically shifted vertically downwardly 
from the color pixel pattern shown in FIG. 1 A by 1/2 of 
the vertical pitch Pv as seen by the viewer. The color 
pixel pattern shown in FIG. 1 B is optically shifted by an 
optical path changer (described later on). 

The color pixel pattern shown in FIG. 1 A is supplied 
with image information VA composed of pixel informa- 
tion at the pixel positions shown in FIG. 1A. Similarly, 
the color pixel pattern shown in FIG. 1 B is supplied with 
image information VB composed of pixel information at 
the pixel positions shown in FIG. 1 B. 

The image information VA, VB contains respective 
pixel information at the pixel positions that are vertically 
shifted Pv/2 from each other with respect to an image 
that is to be displayed. 

The optical path changer is controlled such that the 
color pixel patterns shown in FIGS. 1A and 1B which 
are visually vertically shifted Pv/2 from each other will 
visually be observed as alternating fields by the viewer. 

In timed relation to the changing of an optical path 
with the optical path changer, the image information VA, 
VB is switched each field and supplied to the color image 
display system, i.e., the image information VA is sup- 
plied in one field and the image information VB is sup- 
plied in the next field to the color image display system, 
so that the color pixel patterns shown in FIGS. 1 A and 
1B will be displayed alternately in respective fields. 

As a result, the viewer visually observes, on the 
color image display system, an optically combined color 
image that is represented by an optically combined pixel 
pattern shown in FIG. 1C. Therefore, the color image 
display system apparently displays a color image with 
a resolution which is substantially the same as a color 
image display system having twice as many pixels as 
the illustrated pixels. 

If the original image information to be displayed is 



represented by an interlaced-scanning television signal, 
then since odd- and even-numbered field signals indi- 
cate pixel information at positions that are Pv/2 shifted 
from each other, the odd- and even-numbered field sig- 

5 nals directly represent the image information VA, VB, 
respectively, and hence can be supplied to the color im- 
age display system in the same manner as heretofore. 

in FIGS. 2A through 2C, the positions of displayed 
pixels are optically shifted both vertically and horizon- 

?o tally. The positions of displayed pixels are optically shift- 
ed Pv/2 vertically, and Pc/2 horizontally where Pc is the 
pitch of pixels of the same colors in the horizontal direc- 
tion. 

FIG. 2A shows a color pixel pattern PTA which com- 
*5 prises a staggered matrix of three-primary pixels that is 
not optically shifted in any direction. FIG. 2B shows a 
color pixel pattern PTC which also comprises a stag- 
gered matrix of three-primary pixels that is optically 
shifted Pv/2 vertically downwardly and Pc/2 horizontally 
20 to the right from the color pixel pattern shown in Fl G. 2 A 
as seen by the viewer. 

The color pixel patterns PTA, PTC are switched in 
alternate fields, i.e., image information VA, VB contain- 
ing the information of pixel positions of the color pixel 
2S patterns PTA, PTC is switched in alternate fields and 
supplied to the color image display system for displaying 
an image represented by the image information VA, VB. 

Since the displayed pixel positions are shifted also 
horizontally, the even-numbered fields of an interlaced- 
30 scanning television signal start being horizontally 
scanned from a position that is PH/2 out of phase with 
the original horizontal synchronizing signal. 

FIGS. 3A through 3C show the positions of dis- 
played pixels which are optically shifted both vertically 
35 and horizontally. The color pixel pattern shown in FIG. 
3B differs from the color pixel pattern shown in FIG. 2B 
in that the positions of displayed pixels are optically 
shifted Pv/2 vertically, and Pc/4 horizontally. 

In FIGS. 4A through 4C, a color pixel pattern com- 
prises a three-dimensional matrix of pixels arranged in 
horizontal rows and vertical columns and combined with 
stripe filters of three primaries of red (R), green (G), and 
blue (B). An optical path that is directed from the color 
pixel pattern toward the viewer is shifted Pv/2 vertically 
45 and Pc/2 horizontally. 

FIG. 4A shows a color pixel pattern which compris- 
es a matrix of three-primary pixels that is not opticaHy 
shifted in any direction. FIG. 4B shows a color pixel pat- 
tern which also comprises a matrix of three-primary pix- 
so els that is optically shifted Pv/2 vertically downwardly 
and Pc/2 horizontally to the right from the color pixel pat- 
tern shown in FIG. 4A as seen by the viewer. FIG. 4C 
illustrates a combination of the color pixel patterns 
shown in FIGS. 4A and 4B that are switched in alternate 
55 fields. 

In FIGS. 4A through 4C, the optical path is changed 
or shifted in every field. As with the color pixel patterns 
shown in FIGS. 2A through 2C, the image information 
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containing the information of pixel positions of the color 
pixel patterns shown in FIGS. 4A and 4B may be verti- 
cally shifted when odd- and even-numbered field signals 
of an interlaced-scanning television signal are supplied 
to the color image display system, and may be horizon- s 
tally shifted when the even-numbered fields of an inter- 
laced-scanning television signal start being horizontally 
scanned from a position that is PH/2 out of phase with 
the original horizontal synchronizing signal. 

FIG. 5 shows an apparatus for increasing a resolu- w 
tion in an image display system according to an embod- 
iment of the present invention. 

As shown in FIG. 5, the apparatus includes an LCD 
panel 10, an LCD driver 20, an eyepiece 31 , an optical 
path changer 30, and an optical path changer driver 40. is 
The LCD panel 10 is combined with a backlight unit BL 
which applies light from behind the LCD panel 10 to 
make an image displayed thereon sharper 

As shown in FIG. 6, the LCD panel 10 comprises a 
matrix of pixels 1 1 each comprising a thin-film transistor 20 
(TFT) 1 1T and a liquid crystal cell 11 L. The pixels 11 are 
arranged as shown in FIG. 4A and combined with verti- 
cal stripe filters R, G, B each aligned with a vertical col- 
umn of pixels. Therefore, each vertical column of pixels 
is associated with one color, i.e., one of the three prima- 25 
ries. The LCD panel 10 thus has the arrangement of a 
color image display system shown in FIGS. 4A through 
4C. 

The gates of the thin-film transistors 11T of each 
horizontal row of pixels indicated by R, G, B, R, B, G, ... 30 
are connected in common to each other. The gates of 
the thin-film transistors 1 1 T of the horizontal rows of pix- 
els are connected respectively to row lines Y1, Y2' .» 
Yj,...Yn. 

The sources of the thin-film transistors 1 1 T of each 35 
vertical column of pixels are connected in common to 
each other. The sources of the thin-film transistors 11T 
of the vertical columns of pixels are connected respec- 
tively to column lines X1 , X2, X3, ... Xi, ... Xm. 

The row lines Y1 , Y2, ... yj, ... Yn are connected to 40 
the respective output terminals of gates 12V1, 12V2, »• 
12Vn, which can be opened by a vertical enable signal 
VEN. The gates 12V1, 12V2, ». 12Vn have respective 
one input terminals connected to respective stages of a 
vertical shift register 1 3 which effects vertical scanning. 45 

The vertical shift register 13 Is supplied with a ver- 
tical reset pulse VST and vertical clock pulses VCK. The 
vertical shift register 13 successively transfers "1 " to ef- 
fect vertical scanning in response to supplied vertical 
clock pulses VCK. The vertical shift register 1 3 is reset so 
by the vertical reset pulse VST to determine a phase for 
starting vertical scanning. 

The column lines X1 , X2, -« Xi, - Xm are connected 
respectively to signal switches 14H1, 14H2, - 14Hi, ... 
14Hm. Those signal switches which are connected to ss 
the column lines coupled to the pixel columns of green 
G are supplied with a green primary signal SG. Those 
signal switches which are connected to the column lines 



coupled to the pixel columns of blue B are supplied with 
a blue primary signal SB. Those signal switches which 
are connected to the column lines coupled to the pixel 
columns of red R are supplied with a red primary signal 
SR. 

The signal switches 14H1, 14H2, - 14Hi, - 14Hm 
are controlled for their switching operation by respective 
gates 15H1, 15H2. ... 15Hi, •» 15Hm. The gates 15H1, 
15H2, - 15Hi, ... 15Hm have respective one input ter- 
minals supplied with a horizontal enable signal HEN 
which controls these gates 15H1 ~ 15Hm for their open- 
ing and closing. The other input terminals of the gates 
15H1 ~ 15Hm are supplied with output signals from re- 
spective stages of a horizontal shift register 16. 

The horizontal shift register 16 is supplied with a 
horizontal reset pulse HST and horizontal clock pulses 
HCK. The horizontal shift register 16 is energized by 
horizontal clock pulses HCK to scan the pixels 11 hori- 
zontally to write image information in those pixels that 
are selected by the vertical scanning. The state of a pixel 
in which image information is stored is maintained for 
the period of one field. The horizontal shift register 16 
is reset by the horizontal reset pulse HST to determine 
a phase for starting horizontal scanning. 

The LCD driver 20 for energizing the LCD panel 10 
is illustrated in FIG. 7. In FIG. 7, an NTSC color video 
signal VI, for example, inputted through an input termi- 
nal 21 is supplied to an RGB decoder 22 which converts 
the NTSC color video signal VI into three primary signals 
VR, VG ( VB of red, green, and blue. The three primary 
signals VR, BG, VB are supplied from the RGB decoder 
22 to an inverter 23. 

The RGB decoder 22 also extracts a composite syn- 
chronizing signal SYNC from the supplied NTSC color 
video signal VI, and supplies the extracted composite 
synchronizing signal SYNC to a timing signal generator 
24. The timing signal generator 24 produces a pulse 
FRP that is inverted in polarity in each horizontal inter- 
val, and supplies the pulse FRP to the inverter 23, which 
inverts the primary signals VR, BG, VB in each horizon- 
tal interval for thereby canceling DC components. The 
inverter 23 supplies primary signals SR, SB, SB which 
are composed of alternate inverted and non inverted sig- 
nals in respective horizontal intervals to respective 
three-primary-signal input terminals 174, 175, 176 of the 
LCD panel 10 shown in FIG. 6. 

The timing signal generator 24 also generates the 
horizontal reset pulse HST, the horizontal clock pulses 
HCK, the horizontal enable signal HEN, the vertical re- 
set pulse VST, the vertical clock pulses VCK, and the 
vertical enable signal VEN based on the composite syn- 
chronizing signal SYNC, and supplies them to respec- 
tive input terminals 171, 172, 173, 177, 178, 179 of the 
LCD panel 10 shown in FIG. 6. 

An image that is displayed on the LCD panel 10 at 
this time is shifted or displaced Pc/2 (= 3PH/2 where PH 
is the pitch of the pixels in the horizontal direction) hor- 
izontally and Pv/2 vertically in every field. 
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Such image shifting is achieved by switching the 
horizontal reset pulse HST and the horizontal clock puls- 
es HCK in every field with respect to the horizontal di- 
rection and also switching the vertical reset pulse VST 
and the vertical clock pulses VCK in every field with re- 
spect to the vertical direction. 

First, the image shifting in the horizontal direction 
will be described below. FIG. 8A shows the color video 
signal VI inputted through the input terminal 21 , the color 
video signal VI containing a horizontal synchronizing 
signal HD. In an odd-numbered field, as shown in FIG. 
8B, the horizontal reset pulse HST lags the horizontal 
synchronizing signal HD by a time to, for example, in an 
initial period of an effective horizontal video interval. The 
horizontal clock pulses HCK are pulses that repeated in 
cyclic periods depending on the horizontal pixel pitch PH 
and the horizontal scanning speed, and are reset by the 
horizontal reset pulse HST into synchronism with a neg- 
ative-going edge, for example, of the horizontal reset 
pulse HST. 

In an even-numbered field, as shown in FIG. BC, 
the horizontal reset pulse HST lags the horizontal syn- 
chronizing signal HD by a time te. The time te is longer 
than the time to by 3/2 PH = Pc/2. Since the pixels of 
the LCD panel 10 start being horizontally scanned from 
the first pixel (lefthand end) in the horizontal direction 
from the time of the horizontal reset pulse HST, images 
displayed in the odd- and even-numbered fields are hor- 
izontally shifted from each other by 3/2 PH = Pc/2. 

The image shifting in the horizontal direction will be 
described below. FIG. 9A shows one field of the color 
video signal VI inputted through the input terminal 21, 
the color video signal VI containing a vertical synchro- 
nizing signal VD. 

In an odd-numbered field, as shown in FIG. 9B, the 
vertical reset pulse VST lags the vertical synchronizing 
signal VD by a time tO in an initial period of an effective 
vertical video interval. The vertical clock pulses VCK are 
pulses that repeated in cyclic periods depending on the 
vertical pixel pitch Pv and the vertical scanning speed, 
and are reset by the vertical reset pulse VST into syn- 
chronism with a negative-going edge, for example, of 
the vertical reset pulse VST 

In an even-numbered field, as shown in FIG. 9C, 
the vertical reset pulse VST lags the vertical synchro- 
nizing signal VD by a time tE. The time tE is longer than 
the time tO by Pv/2. Since the pixels of the LCD panel 
10 start being vertically scanned from the uppermost 
line (row line Y1) in the vertical direction from the time 
of the vertical reset pulse VST, images displayed in the 
odd- and even-numbered fields are vertically shifted 
from each other by Pv/2. 

As described above, the odd- and even-numbered 
field signals of an interlaced-scanning video signal such 
as an NTSC color video signal are displayed in positions 
that are shifted Pv/2 from each other. Any signal 
processing required for shifting a displayed image in the 
vertical direction remains the same as heretofore, with 



the vertical reset pulse VST lagging the vertical synchro- 
nizing signal VD by a certain time because the vertical 
synchronizing signal VD being Pv/2 out of phase from 
field to field. 

5 In the conventional image display system, images 
in odd- and even-numbered fields are displayed on the 
same pixels whose positions remain unchanged appar- 
ently. According to the present invention, as described 
later on, images in odd- and even-numbered fields are 

10 displayed on pixels whose positions are optically shifted 
Pv/2 apparently, with the result that the apparent 
number of pixels is increased for an increased resolu- 
tion. . 

In the image display system shown in FIG. 5, ap- 
15 parent pixel positions are shifted using the optical path 
changer 30. In FIG. 5, the optical path changer 30 is 
composed of the eyepiece 31 which comprises a convex 
lens and a voice coil 32. The voice coil 32, when ener- 
gized, moves the eyepiece 31 linearly in a direction per- 

20 pendicular to the optical axis of the eyepiece 31 recip- 
rocally in the period of each frame for thereby changing 
or shifting the optical path through the eyepiece 31 to 
shift the apparent pixel positions. The eyepiece 31 is 
supported on a lens mount 33 which is vertically vibrated 

25 by the voice coil 32 to reciprocally move the eyepiece 
31 linearly across the optical axis thereof. 

The voice coil 32 is energized by the optical path 
changer driver 40. The optical path changer driver 40 is 
supplied with a decision signal O/E. (see FIG. 10B) from 

30 the LCD driver 20 which indicates whether the present 
field is an odd-numbered field or an even-numbered 
field of the color video signal VI (see FIG. 10A). In the 
optical path changer driver 40, the decision signal O/E, 
which has a frequency of 30 Hz, is compared with a sig- 

35 nal S43 having a frequency of 30 Hz from a variable- 
frequency oscillator (hereinafter referred to as a "VCO") 
43 by a phase comparator 41 . A phase error signal S41 
outputted from the phase comparator 41 is supplied 
through a low-pass filter 42 to the VCO 43 to control the 

40 output signal S43 thereof into synchronism with the de- 
cision signal O/E. 

To the VCO 43, there is connected a phase regula- 
tor 44 in the form of a variable resistor which adjusts the 
phase of the output signal S43 with respect to the deci- 

45 sion signal O/E into proper phase relationship to the im- 
age signal of each field. 

The output signal S43 from the VCO 43 is then sup- 
plied to a waveform shaper 45, which produces a rec- 
tangular signal. The amplitude of the rectangular signal 

50 from the waveform shaper 45 is adjusted by a control 
driver 46 that is associated with an amplitude-adjusting 
variable resistor 47. 

The control driver 46 supplies an output signal S46 
(see FIG . 1 0C) to the voice coil 32 for thereby energizing 

55 the voice coil 32. Specifically, when the signal S46 is of 
a high level, the eyepiece 31 is moved into a solid-line 
position in FIG. 11, and when the signal S46 is of a low 
level, the eyepiece 31 is moved into a dotted-line posi- 
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tion in FIG. 11. In this manner, the optical path through 
the eyepiece 31 is changed or shitted in the period of 
each field to cause the positions of the pixels of the LCD 
panel 1 0 to look shifted optically in the direction perpen- 
dicular to the optical axis of the eyepiece 31. 

If the signal S46 is of such phase as shown in FIG. 
10D, then the resolution is increased most effectively in 
a central area of the screen of the image display system. 

FIG. 11 shows the principles of an optical shift of 
the pixel positions, i.e., the changing of an optical path, 
in the apparatus shown in FIG. 5. In FIG. 11, the eye- 
piece 31 has a focal length f. In the odd-numbered fields 
of the video signal VI in which the eyepiece 31 is in the 
solid-line position, the image (virtual image) of a point 
PL that is spaced a distance a from the eyepiece 31, i. 
e., a displayed image on the LCD panel 10, is focused 
as a point PO in a position that is spaced a distance b 
from the eyepiece 31 . 

In the even-numbered fields of the video signal VI, 
the eyepiece 31 is in the dotted-line position which is 
displaced a distance x upwardly from the solid-line po- 
sition. The image of the point PL as it is observed by the 
viewer, denoted at 1 in FIG. 5, through the eyepiece 31 
is now focused as a point PE in a position that is dis- 
placed a distance X downwardly from the point PO. 
Therefore, the observed image of the point PL is shifted 
the distance X downwardly. When the eyepiece 31 is 
moved perpendicularly to the optical axis, accordingly, 
the pixel positions appear to the viewer to be shifted, 
resulting in an optical shift of the pixel positions. 

If a real image having a length A is assumed in place 
of the point PL, and an image having a length B is as- 
sumed as its virtual image, then the following equations 
(1) and (2) are satisfied: 

(A-x)/(B-X-x) = a/b (1) 

and 



A/B = a/b (2). 

From the equations (1) and (2), the distance x is 
determined as follows: 

x = X/(b/a-1) (3). 

If the magnification K of the eyepiece 31 is K = b/a 
and the amount of a pixel shift as converted in terms of 
the real image A is represented by xr, then since X = 
K*xr, the amount x of the lens shift is given by: 

x = xr*K/(K-1) (4) 
where * indicates a multiplication. 



The optical pixel shift shown in FIGS. 4A through 
4C can be achieved when the eyepiece 31 is shifted by 
the voice coil 32 in the same direction as the direction 
of the pixel shift. The eyepiece 31 may be combined with 

5 a voice coil which can shirt the pixels in the horizontal 
direction of the LCD panel 1 0 and a voice coil which can 
shift the pixels in the vertical direction of the LCD panel 
1 0, so that the pixels can optical be shifted in any desired 
direction under a combination of forces produced by 

'0 both the voice coils. 

The eyepiece 31 may be reciprocally moved linearly 
not only by the voice coil, but also by a mechanical de- 
vice such as a piezoelectric device, a bimorph cell, a 
stepping motor, a solenoid-operated actuator, or the 

is like. 

The apparatus shown in FIG. 5 can easily be real- 
ized if the eyepiece 31 is small and light. Since the op- 
tical path is changed or shifted in an analog fashion for 
light deflection, if a reproduced or displayed image is 
20 produced by a video camera and suffers a camera 
shock, then the apparatus shown in FIG. 5 may be used 
to compensate for such a camera shock by detecting 
the camera shock based on a displacement of the im- 
age. 

25 The optical pixel shift can be achieved by any of var- 
ious optical path changers rather than the mechanical 
vibration of the eyepiece 31 . 

FIGS. 12through 14 show an apparatus for increas- 
ing a resolution according to another embodiment of the 

30 present invention, the apparatus including a semicircu- 
lar glass plate as an optical path changer for accom- 
plishing an optical pixel shift. 

As shown in FIG. 1 2, the apparatus includes an op- 
tical path changer 50 disposed in an optical path be- 

3S tween an LCD panel 1 0 and an eyepiece 31 . The optical 
path changer 50 comprises a semicircular glass plate 
51 supported by a rigid annular holder 52. The annular 
holder 52 also supports a relatively small segmental 
counterweight 53 having a weight counterbalancing the 

40 semicircular glass plate 51 and positioned radially op- 
posite to the semicircular glass plate 51. A hollow by- 
pass region 54 is defined between the semicircular 
glass plate 51 and the counterweight 53. 

An elongate panel 55 is diametrically attached to 

45 the annular holder 52 in intimate contact with a straight 
side of the semicircular glass plate 51, and connected 
at its center to a joint 56 which is coupled to the rotatable 
shaft of a motor 57. Therefore, when the motor 57 is 
energized, the semicircular glass plate 51 is rotated 

50 about the central axis of the annular holder 52. 

As illustrated in FIG. 14, the optical path changer 
50 is inserted in the optical path between the LCD panel 
10 and the eyepiece 31 such that the plane of the sem- 
icircular glass plate 51 is inclined to the optical axis of 

55 the eye-piece 31 . 

During a first half of the full revolution of the optical 
path changer 50 by the motor 56, the bypass region 54 
thereof is positioned in the optical path between the LCD 
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panel 1 0 and the eyepiece 31 . During a latter half of the 
full revolution of the optical path changer 50, the semi- 
circular glass plate 51 is obliquely inserted in the optical 
path between the LCD panel 10 and the eyepiece 31 . 

The principles of an optical pixel shift by the optical 
path changer 50 will be described below with reference 
to FIG. 14. 

It is assumed that the plane of the semicircular glass 
plate 51 is inclined an angle 9 to a direction perpendic- 
ular to the optical axis of the eyepiece 31 , the semicir- 
cular glass plate 51 has a thickness D and a refractive 
index n. 

When the bypass region 54 is positioned in the op- 
tical path, a ray LO of light emitted from a point PL pass- 
es straight through the optical path changer 50 as indi- 
cated by the solid line L54. 

When the semicircular glass plate 51 is brought into 
the optical path, the ray LO of light emitted from the point 
PL is refracted by the semicircular glass plate 51 , and 
the optical path is shifted downwardly in FIG. 14 as in- 
dicated by the solid line L51. Therefore, the viewer 1 
observes the ray LO of light as coming from a point PLs 
that is shifted downwardly from the point PL by a dis- 
tance x, and hence observes pixels as being shifted 
downwardly by the distance x. 

At this time, the following equations are satisfied: 

(D*tan9i - D*tan9o)*cos9 = x (5), 



sin8i = n*sin9o (6), 



e = ei (7) 

where Gi is the incident angle at which the ray of light 
falls on the semicircular glass plate 51, 9o the angle at 
which the ray of light leaves the semicircular glass plate 
51 , and * represents a multiplication. 

The motor 57 is energized to rotate the optical path 
changer 50 at a constant speed to make one revolution 
in one frame such that the bypass region 54 is posi- 
tioned in the optica! path between the LCD panel 1 0 and 
the eyepiece 31 in the odd-numbered fields of a video 
signal VI supplied to the image display system, and the 
semicircular glass plate 51 is positioned in the optical 
path between the LCD panel 10 and the eyepiece 31 in 
the even-numbered fields of the video signal VI. Thus, 
the optical path changer 50 is rotated through one rev- 
olution per frame in synchronism with vertical scanning 
of the LCD panel 10. 

In order to energize the motor 57 in synchronism 
with the supplied video signal VI, a semicircular outer 
circumferential surface of the annular holder 52 com- 
prises an optically reflecting surface, and the remaining 
semicircular outer circumferential surface thereof com- 
prises an optically unreflecting surface. An optical rota- 



tion phase sensor 58 positioned in confronting relation 
to the outer circumferential surface of the annular holder 
52 comprises a light-emitting element and a light-detect- 
ing element. Light emitted from the light-emitting ele- 
5 ment is applied to the outer circumferential surface of 
the annular holder 52, and light reflected thereby is de- 
tected by the light-detecting element. 

The optical rotation phase sensor 58 is positioned 
such that it faces the reflecting and non reflecting sur- 

10 faces of the annular holder 52 substantially in synchro- 
nism respectively with even-numbered field intervals in 
which the semicircular glass plate 51 is positioned in the 
optical path between the LCD panel 10 and the eyepiece 
31 and odd-numbered field intervals in which the bypass 

is region 54 is positioned in the optical path between the 
LCD panel 10 and the eyepiece 31 . 

A detected output signal S58 (see FIG. 13C) from 
the optical rotation phase sensor 58 is supplied through 
an amplifier 59 to a motor driver 60. 

20 in the motor driver 60, the output signal S58 from 
the optical rotation phase sensor 58 is compared with a 
decision signal O/E which indicates whether the present 
field is an odd-numbered field or an even-numbered 
field of a supplied video signal VI (see FIG. 13A) by a 

25 phase comparator 61 . A phase error signal outputted 
from the phase comparator 61 is supplied through a low- 
pass filter 62 to one input terminal of a differential am- 
plifier 63 whose other input terminal is supplied with a 
reference voltage REF for establishing a reference 

30 phase. The reference voltage REF can be adjusted by 
a variable resistor 64. 

An output signal from the differential amplifier 63, 
which indicates the voltage of the difference between 
the signals applied to the input terminals thereof, is sup- 

35 plied through a control driver 65 to the motor 57 for con- 
trolling the rotational phase thereof. A drive signal ap- 
plied from the control driver 65 to the motor 57 can be 
adjusted in amplitude by a variable resistor 66. The con- 
trol loop thus constructed operates until the output sig- 

40 nal from the differential amplifier 63 becomes zero 
whereupon the rotational phase of the optical path 
changer 50 is synchronized with the decision signal O/E. 

The direction in and the amount by which the pixels 
are to be optically shifted can be determined by the di- 

45 rection in and the angle through which the semicircular 
glass plate 51 is inclined with respect to the optical path. 

The apparatus shown in FIGS. 12 through 14 is ad- 
vantageous in that an optical pixel shift can simply be 
achieved by rotation of the optical path changer 50 and 

so any vibrational noise which is produced is relatively low. 
FIGS. 15through 17 show an apparatus for increas- 
ing a resolution in an image display system according 
to still another embodiment of the present invention. As 
shown in FIG. 1 5, the apparatus includes an optical path 

55 changer 71 comprising a polarization plane rotator 71 
and a prismatic biref ringent plate 72 made of a material 
having large birefringence such as quartz, calcite, liquid 
crystal, or the like. 
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The polarization plane rotator 71 comprises a liquid 
crystal panel 73 and a pair of transparent electrodes 74, 
75 mounted on respective opposite surfaces of the liquid 
crystal panel 73. When a voltage for driving the liquid 
crystal is applied between the transparent electrodes 
74, 75, the plane of polarization is rotated and changed 
in every field into conformity with the planes of polariza- 
tion of ordinary and extraordinary rays of light passing 
through the birefringent plate 72. 

If the ordinary ray of light passing through the bire- 
fringent plate 72 is vertically polarized (the plane of po- 
larization is at 90°), for example, and the extraordinary 
ray of light passing through the birefringent plate 72 is 
horizontally polarized (the plane of polarization is at 0°), 
for example, then the polarization plane rotator 71 ro- 
tates the plane of polarization between 90° and 0° in 
every field. 

The voltage for driving the liquid crystal is generated 
by a driver 80. The driver 80 is identical in structure to 
the driver 40 shown in FIG. 5, and comprises a phase 
comparator 81 , a low-pass filter 82, a VCO 83 associ- 
ated with a phase corrector 84, a waveform shaper 85, 
and a control driver 86 associated with an amplitude- 
adjusting variable resistor 87. 

The VCO 83 produces a signal S83 having the pe- 
riod of frames which is in phase with a decision signal 
O/E (see FIG. 16B) indicative of whether the present 
field is an odd-numbered field or an even-numbered 
field. The signal S83 from the VCO 83 is supplied to the 
waveform shaper 85, which produces a signal S85 hav- 
ing a different amplitude from a voltage S86 (see FIG. 
1 6C) for driving the liquid crystal. The signal S85 is then 
supplied to the control driver 86 and adjusted in ampli- 
tude thereby. 

The voltage S86 from the control driver 86 is applied 
between the transparent electrodes 74, 75 of the polar- 
ization plane rotator 71. The polarization plane rotator 
71 now rotates the plane of polarization from 0° to 90° 
in the odd-numbered fields, for example, and from 90° 
to 0° in the even-numbered fields, for example. 

A linearly polarized ray of light which is emitted from 
an LCD panel 10 is applied to the polarization plane ro- 
tator 71 , and the plane of polarization thereof is rotated 
between 0° and 90° in every field. Thereafter, the ray of 
light enters the birefringent plate 72. When the ray of 
light travels through the birefringent plate 72, the 
amount which the ray of light is deflected is changed 
due to the difference between the refractive indexes with 
respect to the ordinary and extraordinary rays of light 
corresponding to the planes of polarization at 0° and 
90°, thus optically shifting a pixel pattern in every field. 

FIG. 1 7 shows the principles of such an optical pixel 
shift. In FIG. 17, 8 represents a prism angle of the bire- 
fringent plate 72, 0e the angle of refraction of the ex- 
traordinary ray of light which is horizontally polarized, 
and 8o the angle of refraction of the ordinary ray of light 
is vertically polarized. 

When the plane of polarization of the linearly polar- 



ized ray of light from the display surface of the LCD pan- 
el 10 is changed into conformity with the planes of po- 
larization of the ordinary and extraordinary rays of light 
passing through the birefringent plate 72 in every field 

s by the polarization plane rotator 71 , a ray of light from 
the same pixel position is refracted with different refrac- 
tive indexes ne, no in every field, and reaches the view- 
er. As a result, the viewer observes the ray of light from 
the same pixel position as being emitted from a position 

10 that is shifted Ax in every field, resulting in an optical 
pixel shift. At this time, the following equations are sat- 
isfied: 

;5 ne*sin9 = sin9e (8), 



a*tan(6e - 9) = xe (9), 



no*sin0 = sinGo (10), 



a*tan(9o- 9) = xo (11), 



Ax = xe-xo (12) 

where ne is the refractive index with respect to the ex- 
traordinary ray of light, no the refractive index with re- 
spect to the ordinary ray of light, and * represents a mul- 
tiplication. 

The birefringent plate 72 is not limited to a prismatic 
shape, but may be of the type which has a glass plate 
that is obliquely inserted as shown in FIG. 12, or may 
comprise a birefringent plate 76 for separating ordinary 
and extraordinary rays of light at a separation angle 8 
as shown in FIG. 18. In FIG. 18, the amount x of an op- 
tical pixel shift is indicated by: 

x = d*tan8 

where d is the thickness of the birefringent plate 76. 

The apparatus shown in FIGS. 12 through 18 has 
a high response speed, can achieve substantially ideal 
light deflection; and is free from mechanical noise as 
they deflect light electrically. 

An apparatus for increasing a resolution according 
to yet still another embodiment of the present invention 
has an optical path changer in the form of a reflecting 
mirror as shown in FIG. 19. 

As shown in FIG. 19, an LCD panel 10 is positioned 
above and perpendicularly to the optical axis of an eye- 
piece 31 , and has a display surface facing downwardly. 
Light emitted from the display surface of the LCD panel 
10 is reflected toward the eyepiece 31 along the optical 
axis thereof by a reflecting mirror 91 . 
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The reflecting mirror 91 is rotatably supported on a 
support rod 92 which extends parallel to the LCD panel 
10. As with the arrangement shown in FIG. 5, the re- 
flecting mirror 91 is coupled through a flexible hinge 95 
to an actuating rod 94 which is reciprocally movable ver- 
tically in every field by a voice coil 93. The voice coil 93 
can be energized by a driver 93 which is identical in 
structure to the driver 40 shown in FIG. 5. 

When the actuating rod 94 is moved upwardly, for 
example, by the voice coil 93, the reflecting mirror 91 is 
angularly moved an angle AG in the direction indicated 
by the arrow about the support rod 92. The optical path 
along which light emitted from the LCD panel 10 is now 
changed or shifted upwardly from the dotted-line direc- 
tion to the solid-line direction, thereby effecting an opti- 
cal pixel shift. 

FIG. 20 shows an apparatus for increasing a reso- 
lution in an image display system according to a further 
embodiment of the present invention. 

In FIG. 20, an active prism (hereinafter referred to 
as a "VAP") 100 for use in preventing an image from 
being displayed due to a camera shock on a camera- 
combined VTR is employed to change or shift an optical 
path. 

As disclosed in "Nikkei Electronics" June 6, 1992, 
No. 558, pages 203 ~ 211, the VAP 100 comprises a 
liquid having a high refractive index and sealed between 
two glass panels 1 01 , 1 02 which are joined to each other 
by bellows 103. One or both of the glass panels 101, 
1 02 can freely be moved vertically and horizontally. 

The VAP 1 00 is inserted in an optical path between 
a LCD panel 10 and an eyepiece 31. As with the ar- 
rangement shown in FIG. 5, one of the glass panels 102 
of the VAP 100 is coupled through a flexible hinge (not 
shown) to an actuating rod 105 which is reciprocally 
movable vertically in every field by a voice coil 104. The 
voice coil 104 can be energized by a driver 106 which 
is identical in structure to the driver 40 shown in FIG. 5. 

When the actuating rod 105 is moved to the left, for 
example, by the voice coil 104, the glass panel 102 is 
changed in its position thereby to change or shift the 
optical path of light emitted from the LCD panel 10, thus 
effecting an optical pixel shift. 

Since information that is written in pixels of a liquid 
crystal display panel in one field remains maintained un- 
til a next field, information of an odd-numbered field and 
information of an even-numbered field exist simultane- 
ously in one frame. With such a liquid crystal display ar- 
rangement, it is preferable to shift only one field in syn- 
chronism with vertical scanning for a desired optical pix- 
el shift though an optical pixel shift can be achieved in 
about half of the frame by shifting the entire frame. One 
example of such an optical path changer will be de- 
scribed below. 

FIGS. 21 A through 21 C show an optical path chang- 
er for use in the apparatus shown in FIG. 12. 

In FIGS. 21 A through 21 C, an optical path changer 
500 comprises seven sectorial glass plates 511 through 



517, rather than the semicircular glass plate 51 shown 
in FIGS. 12 through 14. 

The optical path changer 500 includes a plurality of 
circumferentialty spaced partition plates radially held in 
5 an annular holder similar to the annular holder 52 shown 
in FIG. 12 and dividing a circular space defined by the 
annular holder into 1 4 sectorial regions. The optical path 
changer 500 has a joint, similar to the joint 56 shown in 
FIG. 12, at its center for connection to the rotatable shaft 

io of the motor 57 (see FIG. 1 2). The seven sectorial glass 
plates 511 through 517 are fitted in every other sectorial 
regions in the annular holder. Those sectorial regions in 
which the seven sectorial glass plates 511 through 517 
are not fitted serve as bypass regions 540. 

1 5 The outer circumferential surface of the annular 
holder comprise optically reflecting and non reflecting 
surfaces disposed alternately in angular intervals of 
360714. The optical rotation phase sensor 58 (see FIG. 
12) is disposed in confronting relation to the outer cir- 

20 cumferential surface of the annular holder. A detected 
output signal from the rotation phase sensor 58 is sup- 
plied to the motor driver 60 (see FIG. 12). 

The optical path changer 500 is obliquely inserted 
in the optical path between the LCD panel 10 and the 

25 viewer. The motor driver 60 controls the motor 57 such 
that the optical path changer 700 makes one revolution 
in seven frames with each of the sectorial glass plates 
511 through 517 appearing in the optical path between 
the LCD panel 10 and the viewer in an even-numbered 

30 field, and also with each of the bypass regions 540 ap- 
pearing in the optical path between the LCD panel 10 
and the viewer in an odd-numbered field. In this manner, 
the optical path changer 500 can effect an optical pixel 
shift in the same manner as the apparatus shown in FIG . 

35 12. 

The direction in and the amount by which the pixels 
are to be optically shifted can be determined by the di- 
rection in and the angle through which the sectorial 
glass plates 511 through 517 are inclined with respect 

40 to the optical path. 

Inasmuch as the optical path changer 500 has sev- 
en bypass regions 540 and seven sectorial glass plates 
511 through 517, the optical path changer 500 makes 
one revolution in seven frame in synchronism with ver- 

45 tical scanning. 

FIG. 22 shows a polarization plane rotator for use 
in the apparatus shown in FIG. 15, the polarization plane 
rotator being a modification of the polarization plane ro- 
tator 71 shown in FIG. 15 and serving to shift only one 

50 field in synchronism with vertical scanning. 

As shown in FIG. 22, the polarization plane rotator 
comprises a liquid crystal panel 73, a transparent elec- 
trode 75 mounted on one surface of the liquid crystal 
panel 73, and an assembly of as many scanning-line 

55 electrodes TD (transparent electrodes) which are verti- 
cally separate so as to correspond to respective scan- 
ning lines as the number of scanning lines, e.g., 218 
scanning lines in FIG. 22. A scanning-line voltage Ek 
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applied between the a scanning-line electrode TDk (k is 
a line number: k = 1 , 2, »■ 21 8) and the transparent elec- 
trode 75 is controlled in synchronism with vertical scan- 
ning of the LCD panel 1 0 for vertically rotating the plane 
of polarization of linearly polarized light from the pixels 
of each scanning line from 0° to 90° or 90° to 0°. The 
scanning-line voltages Ek applied between the scan- 
ning-line electrodes and the transparent electrode 75 
are shown in FIGS. 23C through 23G. 

In FIG. 22, the first and second scanning-line elec- 
trodes TD1 , TD2 serve as an area for writing a present 
field therein, and the plane of polarization of light pass- 
ing therethrough is at 90°. The third scanning-line elec- 
trode TD3 and other scanning-line electrodes posi- 
tioned therebelow serve as an area for displaying a pre- 
vious field, and the plane of polarization of light passing 
therethrough is at 0°. 

Since an optical pixel shift can be achieved in about 
half of the frame by shifting the entire frame, one of the 
transplant electrodes of the polarization plane rotator 
may not be divided into areas corresponding to the 
scanning areas, but may be divided into areas corre- 
sponding to groups of scanning lines. 

With the present invention, as described above, an 
optical path between an image display panel and the 
viewer or screen is changed or shifted in every field of 
a video signal for optically deflecting or shifting pixels, 
and the image display panel displays images that are 
shifted due to the optically shifted pixels. Noninterlaced 
full-line images can be displayed and observed for high- 
er resolution without having to increase the number of 
pixels of the image display panel. 

Since the number of pixels of the image display pan- 
el is not increased, the vignetting factor thereof is not 
lowered, and hence the image display panel can display 
images with high brightness. In addition, high-resolution 
images can be displayed on inexpensive image display 
panels having a relatively small number of pixels. 

Inasmuch as the apparent number of pixels of an 
image display panel can optically be increased horizon- 
tally as well as vertically, the total number of pixels may 
be four or more times the number of original pixels of 
the image display panel. 

If the principles of the present invention are applied 
to an image display system having a number of pixels 
capable of displaying NTSC video signals according to 
the noninterlaced scanning process, then it can display 
an image based on a HDTV signal characterized by 
1125 scanning lines. 

The present invention which allows high-resolution 
images to be displayed on inexpensive image display 
panels is applicable to a wide variety of display devices 
including an electronic viewfinder for an imaging cam- 
era, a projector, a glass-type monitor, etc. 

The arrangements shown in FIGS. 12 and 21 can 
achieve an optical path shift simply by effecting rotation- 
al movements without producing large vibrational noise. 

The arrangements shown in FIGS. 15 and 22 have 



a high response speed, can achieve substantially ideal 
light deflection, and is free from mechanical noise as 
they deflect light electrically. 

Having described preferred embodiments of the in- 

5 vention with reference to the accompanying drawings, 
it is to be understood that the invention is not limited to 
those precise embodiments and that various changes 
and modifications could be effected by one skilled in the 
art without departing from the scope of the invention as 

10 defined in the appended claims. 



Claims 

1. A method of increasing resolution of an image dis- 
played to a viewer (1) on an image display system 
(10) having a matrix of pixels arranged in horizontal 
rows and vertical columns and selectively energiz- 
able to display an image composed of a plurality of 
pixel patterns in alternate fields, comprising the 
steps of: 

providing an optical path changer (30;50) 
formed of a light refractive member; 
positioning the optical path changer (30;50) be- 
tween the image display system (10) and the 
viewer (1) so that the viewer views the image 
through the optical path changer which is for 
shifting the optical path between the display 
system and the viewer to optically shift a pixel 
pattern; 

operating said optical path changer (30;50) to 
shift said optical path by refraction character- 
ised by 

displaying the pixel pattern on said image dis- 
play system (10) to be shifted in every field in 
synchronism with the shifting of said optical 
path by said optical path changer by shifting a 
horizontal clock signal of said image display out 
of phase with a horizontal synchronizing signal 
of image information supplied thereto in con- 
formity with sampled positions on the displayed 
image when the optical path is shifted horizon- 
tally, and 

shifting a vertical clock signal of said image dis- 
play system out of phase with a vertical syn- 
chronizing signal of image information supplied 
thereto in conformity with sampled positions on 
the displayed image when the optical path is 
shifted vertically. 

2. A method according to claim 1 , wherein said step 
of operating the optical path changer comprises the 
step of moving said light refractive member (50) into 
and out of said optical path thereby shifting the op- 
tical path. 

3. A method according to claim 1 , wherein said light 
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refractive member includes regions having different 
refractive indices, and said step of operating the op- 
tical path changer comprises the step of moving one 
of said regions into said optical path in alternate 
fields thereby shifting the optical path. 5 

4. A method according to claim 1 , wherein said optical 
path changer comprises an active prism (100) for 
passing light from said image display system (10) 
therethrough, said step of operating the optical path 10 
changer comprising the step of actuating said active 
prism in every field thereby shifting the optica! path. 

5. A method according to any one of the preceding 
claims wherein said pixels are capable of continu- is 
ously displaying the image until a next portion of im- 
age information of which a next field is composed 

is supplied to the pixels; and 

providing an optical path changer; 20 
positioning the optical path changer between 
an image display system and the viewer for se- 
lectively shifting an optical path between the 
image display system and the viewer depend- 
ing on the field, said shifting being 25 
said optical path changer is operated to shift 
said optical path in synchronism with vertical 
scanning of said image display system. 

6. A method according to any one of the preceding 30 
claims, wherein said optical path is shifted in one 
direction by 14 of the pitch of the pixels and in a trans- 
verse direction by X of the pitch of pixels of the same 
color. 

35 

7. An image display system comprising: 

an image display device (10) receiving image 
information (VI) and having a matrix of pixels 
(R,G,B) arranged in horizontal rows and verti- 40 
cal columns and selectively energizable in re- 
sponse to a horizontal clock signal and a verti- 
cal clock signal to display an image composed 
of a plurality of pixel patterns in alternate fields; 
an optical path changer (30;50) formed of a 45 
light refractive member disposed between said 
image display device (10) and a viewer (1) so 
that the viewer views a displayed image on said 
image display device through the optical path 
changer and for shifting the optical path be- so 
tween said image display device and the viewer 
and to optically shift pixel patterns character- 
ised by 

shifting means (24) for shifting pixel patterns 
displayed on said image display device in time ss 
relation to the change of the optical path by said 
optical path changer by shifting said horizontal 
clock signal in every field out of phase with a 



horizontal synchronizing signal of the image in- 
formation supplied to said image display device 
in conformity with sampled positions on the dis- 
played image when the optical path is shifted 
horizontally by said optical path changer and/ 
or shifting said vertical clock signal in every field 
out of phase with a vertical synchronizing signal 
of the image information in conformity with 
sampled positions on the displayed image 
when the optical path is shifted vertically by 
said optical path changer. 

8. An image display system according to claim 7, 
wherein said optical path changer (50;500) com- 
prises a circular member (52) having a rotatable 
shaft located at a central axis thereof and including 
circumferentially alternate regions (51 , 54; 51 1-517, 
540) for deflecting the optical path by respective dif- 
ferent quantities, said circular member being dis- 
posed in the optical bath between said image dis- 
play device and the viewer, whereby said rotatable 
shaft is rotated in synchronism with vertical scan- 
ning of said image display device (10) to cause said 
circumferentially alternate regions of the circular 
member to move alternately into said optical path 
while each field of image information is supplied to 
said image display device. 

9. An image display system according to claim 7, 
wherein said optical path changer comprises a po- 
larization plane rotator (71) and a birefringent plate 
(72), said polarization plane rotator and said bire- 
fringent plate being arranged between said image 
display device (10) and the viewer (1 ) such that light 
from said image display device passes successive- 
ly through said polarization plane rotator (71) and 
said birefringent plate (72) in the order named. 

10. An image display system according to claim 7, 8 or 
9, wherein said image display device comprises: 

horizontal scanning means (16) for successive- 
ly scanning the horizontal rows of pixels with 
the horizontal clock signal (HCK); 
vertical scanning means (13) for successively 
scanning the vertical columns of pixels with the 
vertical clock signal (VCK); 
generating means (24) for generating said hor- 
izontal clock signal; and 
generating means (24) for generating said ver- 
tical clock signal. 



Patentanspruche 

1. Verfahren zur Steigerung der Auflosung eines Sli- 
des, welches fur einen Betrachter (1) in einem Bild- 
anzeigesystem (10) angezeigt wird, das eine Matrix 
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aus in horizontalen Zeilen und vertikalen Spalten 
angeordneten Pixeln aufweist, die zur Anzeige ei- 
nes aus einer Vielzahl von Pixelmustern in abwech- 
selnden Teilbildern zusammengesetzten Bildes se- 
lektiv erregbar sind, umfassend die Schritte: s 

Bereitstellen eines Strahiengang-Wechslers 
(30;50), deraus einem Lichtbrechungsglied ge- 
bildet ist; 

Positionieren des Strahiengang-Wechslers 10 
(30;50) zwischen dem Bildanzeigesystem (10) 
und dem Betrachter (1) derart, daB der Be- 
trachter das Bild durch den Strahlengang- 
Wechsler betrachtet, der f Or eine Verschiebung 
des Strahlenganges zwischen dem Anzeigesy- 15 
stem und dem Betrachter zur optischen Ver- 
schiebung eines Pixelmusters dient; 
Betatigen des genannten Strahiengang- 
Wechslers (30;50) zur Verschiebung des 
Strahlenganges durch Brechung, 20 

dadurch gekennzeichnet, 

daG das Pixelmuster in dem genannten Bildan- 
zeigesystem (10), welches in jedem Teilbild in 25 
Synchronismus mit der Verschiebung des ge- 
nannten Strahlenganges durch den genannten 
Strahlengang-Wechsler zu verschieben 1st, da- 
durch angezeigt wird, daB ein Horizontal-Takt- 
signal der genannten Bildanzeige auBer Phase 30 
mit einem Horizontal-Synchronisiersignal der 
zugefOhrten Biidinformation in Ubereinstim- 
mung mit abgetasteten Positionen in dem an- 
gezeigten Bild verschoben wird, wenn der 
Strahlengang horizontal verschoben wird, 35 
und daB ein Vertikal-Taktsignal des genannten 
Bildanzeigesystems auBer Phase mit einem 
Vertikal-Synchronisiersignal der zugefOhrten 
Biidinformation in Ubereinstimmung mit abge- 
tasteten Positionen in dem angezeigten Bild 40 
verschoben wird, wenn der Strahlengang ver- 
tikal verschoben wird. 

2. Verfahren nach Anspruch 1, wobei der Schritt der 
Betatigung des Strahiengang-Wechslers den 45 
Schritt der Bewegung des Lichtbrechungsgliedes 
(50) in den und aus dem genannten Strahlengang 
umfaBt, derart, daB der Strahlengang verschoben 
wird. 

50 

3. Verfahren nach Anspruch 1, wobei das genannte 
Lichtbrechungsglied Bereiche unterschiedlicher 
Brechungsindizes aufweist und wobei der Schritt 
der Betatigung des Strahiengang-Wechslers den 
Schritt der Bewegung eines der genannten Berei- 55 
che in den genannten Strahlengang in abwechseln- 
den Teilbildern unter Verschiebung des Strahlen- 
ganges umfaBt. 



4. Verfahren nach Anspruch 1, wobei der genannte 
Strahlengang-Wechsler ein aktives Prisma (100) 
f Or den Durchtritt von Licht von dem genannten Bild- 
anzeigesystem (10) umfaBt, wobei der Schritt der 
Betatigung des Strahiengang-Wechslers den 
Schritt der Betatigung des genannten aktiven Pris- 
mas in jedem Teilbild umfaBt, derart, daB dadurch 
der Strahlengang verschoben wird. 

5. Verfahren nach irgendeinem der vorhergehenden 
Anspruche, wobei die genannten Pixel imstande 
sind, das Bild fortwahrend anzuzeigen, bis ein 
nachster Bildinformationsteil, aus dem ein nachstes 
Teilbild besteht, den Pixeln zugefOhrt wird, wobei 
ein Strahlengang-Wechsler bereitgestellt wird, wo- 
bei der Strahlengang-Wechsler zwischen einem 
Bildanzeigesystem und dem Betrachter positioniert 
wird zur selektiven Verschiebung eines Strahlen- 
ganges zwischen dem Bildanzeigesystem und dem 
Betrachter in Abhangigkeit von dem Teilbild, bezug- 
lich dessen die genannte Verschiebung erfolgt, wo- 
bei der genannte Strahlengang-Wechsler derart be- 
trieben wird, daB der genannte Strahlengang in 
Synchronismus mit der Vertikal-Abtastung des ge- 
nannten Bildanzeigesystems verschoben wird. 

6. Verfahren nach irgendeinem der vorhergehenden 
Anspruche, wobei der genannte Strahlengang in ei- 
ner Richtung urn 1/2 der Pixel-Teilung und in einer 
Querrichtung urn 1/4 der Pixel-Teilung bei Pixeln 
derselben Farbe verschoben wird. 

7. Bildanzeigesystem mit einer Bildanzeigeeinrich- 
tung (10), die eine Biidinformation (VI) empfangt 
und die eine Matrix von Pixeln (R, G, B) aufweist, 
welche in horizontalen Zeilen und vertikalen Spal- 
ten angeordnet sind und welche auf ein Horizontal- 
Taktsignal und ein Vertikal-Taktsignal hin derart se- 
lektiv erregbar sind, daB ein aus einer Vielzahl von 
Pixelmustern bestehendes Bild in abwechselnden 
Teilbildern angezeigt wird, 

mit einem Strahlengang-Wechsler (30; 50), der aus 
einem Lichtbrechungsglied gebildet ist, welches 
zwischen der genannten Bildanzeigeeinrichtung 
(1 0) und einem Betrachter (1 ) derart angeordnet ist, 
daB der Betrachter ein Angezeigebild in der ge- 
nannten Bildanzeigeeinrichtung durch den Strah- 
lengang-Wechsler betrachtet, und welches zur Ver- 
schiebung des Strahlenganges zwischen der ge- 
nannten Bildanzeigeeinrichtung und dem Betrach- 
ter und zur optischen Verschiebung der Pixelmuster 
dient, 

gekennzeichnet durch eine Verschiebeein richtung 
(24) zur Verschiebung der Pixelmuster, die in der 
genannten Bildanzeigeeinrichtung angezeigt wer- 
den, in zeitlicher Beziehung zur Anderung des 
Strahlenganges durch den genannten Strahlen- 
gang-Wechsler durch Verschieben des genannten 
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Horizontal-Taktsignals in jedem Teilbild auBer Pha- 
se mit einem Horizontal-Synchronisiersignal der 
Bildinformation, die der genannten Bildanzeigeein- 
richtung in Obereinstimmung mit abgetasteten Po- 
sitionen dem angezeigten Bild zugefuhrt ist, wenn 
der Strahlengang durch den genannten Strahlen- 
gang-Wechsler horizontal verschoben ist, und/oder 
durch Verschieben des genannten Vertikal-Taktsi- 
gnals in jedem Teilbild auBer Phase mit einem Ver- 
tikal-Synchronisiersignal der Bildinformation in 
Obereinstimmung mit abgetasteten Positionen in 
dem angezeigten Bild, wenn der Strahlengang 
durch den genannten Strahlengang-Wechsler ver- 
tikal verschoben wird. 

B. Bildanzeigesystem nach Anspruch 7, wobei der ge- 
nannte Strahlengang-Wechsler (50; 500) ein kreis- 
formiges Teil (52) mit einerdrehbaren Welle umfaBt, 
die an einer Mittelachse des betreffenden Teiles an- 
gebracht ist und die umfangsmaBig abwechselnde 
Bereiche (51, 54; 511-517, 540) zur Ablenkung des 
Strahlenganges urn entsprechend unterschiedliche 
GroBen umfaBt, 

wobei das genannte kreisformige Teil in dem Strah- 
lengang zwischen der genannten Bildanzeigeein- 
richtung und dem Betrachter derart angeordnet ist, 
daft die genannte drehbare Welle in Synchronis- 
mus mit der Vertikal-Abtastung der genannten Bild- 
anzeigeeinrichtung (10) gedreht wird, urn die ge- 
nannten umfangsmaBig abwechselnden Bereiche 
des kreisformigen Teiles zu veranlassen, sich ab- 
wechselnd in den genannten Strahlengang zu be- 
wegen, wahrend das jeweilige Bildinformationsteil- 
bild an die genannte Bildanzeigeeinrichtung abge- 
geben wird. 

9. Bildanzeigesystem nach Anspruch 7, wobei der ge- 
nannte Strahlengang-Wechsler eine Polarisations- 
ebenen-Dreheinrichtung (71) und eine doppelt bre- 
chende Platte (72) umfaBt, wobei die genannte Po- 
larisationsebenen-Dreheinrichtung und die ge- 
nannte doppelt brechende Platte zwischen der ge- 
nannten Bildanzeigeeinrichtung (10) und dem Be- 
trachter (1 ) derart angeordnet sind, daB Licht von 
der genannten Bildanzeigeeinrichtung aufeinan- 
derfolgend durch die genannte Polarisationsebe- 
nen-Dreheinrichtung (71 ) und die genannte doppelt 
brechende Platte (72) in der genannten Reihenfol- 
ge hindurchtritt. 

10. Bildanzeigesystem nach Anspruch 7, 8 Oder 9, wo- 
bei die genannte Bildanzeigeeinrichtung eine Hori- 
zontal-Abtasteinrichtung (16) zur aufeinanderfol- 
genden Abtastungderhorizontalen Pixel-Zeilenmit 
dem Horizontal-Taktsignal (HCK), eine Vertikal- 
Abtasteinrichtung (13) zur aufeinanderfolgenden 
Abtastungdervertikalen Pixel-Spalten mitdemVer- 
tikal-Taktsignal (VCK), 



eine Erzeugungseinrichtung (24) zur Erzeu- 
gung des genannten Horizontal-Taktsignals 
und eine Erzeugungseinrichtung (24) zur Er- 
zeugung des genannten Vertikal-Taktsignals 
umfaBt. 



Revendications 

10 1. Proc6de d'augmentation de definition d'une image 
affich6e pour un spectateur (1 ) sur un systeme (10) 
d'affichage d'image comportant une matrice de 
pixels agenc6s en rangers horizontales et colon- 
nes verticales et pouvant etre alimentes en energie 
de maniere selective pour afficher une image com- 
posed de plusieurs motifs de pixels en trames alter- 
neas, comprenant les Stapes : 

de foumiture d'un modificateur (30 ; 50) de tra- 
jet optique forme d'un element refractant la 
lumiere ; 

de placement du modificateur (30 ; 50) de trajet 
optique entre le systeme ( 1 0) d'affichage d'ima- 
ge et le spectateur (1) de facon que le specta- 
teur voie I'image a travers le modificateur de 
trajet optique qui sert a dealer le trajet optique 
entre le systeme d'affichage et le spectateur 
pour d6caler optiquement un motif de pixels ; 
de mise en oeuvre dudit modificateur (30 ; 50) 
de trajet optique pourd6caler, par refraction, le- 
dit trajet optique ; caracterisS : 
par I'affichage du motif de pixels sur ledit sys- 
teme (10) d'affichage d'image pour qu'il soit d6- 
ca!6 dans chaque trame en synchronisme avec 
le decalage dudit trajet optique par ledit modi- 
ficateur de trajet optique, en dSphasant un si- 
gnal d'horloge horizontal dudit afficheur d'ima- 
ge par rapport a un signal de synchronisation 
horizontale de I'information d'image qui lui est 
d6livr6e en conformity avec des positions 
6chantillonn6es sur I'image affichde lorsque le 
trajet optique est d6cal6 horizontalement ; et 
par le d6phasage d'un signal d'horloge vertical 
dudit systeme d'affichage d'image par rapport 
a un signal de synchronisation verticale de Tin- 
formation d'image qui lui est d§livr6e en con- 
formity avec des positions echantillonnees sur 
I'image affich^e lorsque le trajet optique est d6- 
ca\6 verticalement. 

2. Proc6d6 selon la revendication 1 , dans lequel ladite 
6tape de mise en oeuvre du modificateur de trajet 
optique comprend I'dtape consistant a amener ledit 
6l6ment refractant la lumiere (50) dans ledit trajet 
optique et a Ten retirer en dScalant ainsi le trajet 
optique. 

3. Proc6d6 selon la revendication 1, dans lequel ledit 
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element rdf ractant la lumiere comprend des regions 
ayant des indices de refraction difterents, et dans 
lequel ladite 6tape de mise en oeuvre du modifica- 
teur de trajet optique comprend I'etape consistant 
a amener I'une desdites regions dans (edit trajet op- s 
tique dans des trames alternees en d6calant ainsi 
le trajet optique. 

Procede selon la revendication 1 , dans lequel ledit 
modificateur de trajet optique comprend un prisme 10 
actif (100) destine a se laisser traverser par de la 
lumiere provenant dudit systeme (10) d'affichage 
d'image, ladite 6tape de mise en oeuvre du modifi- 
cateur de trajet optique comprenant I'etape consis- 
tant a actionner ledit prisme actif dans chaque tra- is 
me en d6calant ainsi le trajet optique. 

ProcedS selon Tune quelconquedes revendications 
pr6c6dentes, dans lequel lesdits pixels sont capa- 
bles d'afficher en continu Pimage jusqu'a ce qu'une 20 
partie suivante d'information d'image dont est com- 
posed une trame suivante soit delivrSe aux pixels ; 
et comprenant : 

la fourniture d'un modificateur de trajet 25 
optique ; 

le positionnement du modificateur de trajet op- 
tique entre un systeme d'affichage d'image et 
le spectateur pour d6caler sSlectivement un 
trajet optique entre le systeme d'affichage so 
d'image et le spectateur en fonction de la tra- 
me, ledit decalage etant caractdris6 en ce que : 
ledit modificateur de trajet optique est mis en 
oeuvre pour decaler ledit trajet optique en syn- 
chronisme avec le balayage vertical dudit sys- 35 
teme d'affichage d'image. 

ProcSde" selon Tune quelconquedes revendications 
pr6c6dentes, dans lequel ledit trajet optique est des- 
cale, dans une direction, de la moiti6 du pas des *o 
pixels et, dans une direction transversale, du quart 
du pas des pixels de la merne couleur. 

Systeme d'affichage d'image comprenant : 

45 

un dispositif (10) d'affichage d'image recevant 
de I'information d'image (VI) et comportant une 
matrice de pixels (R, G, B) agenc<§s en rangees 
horizontals et colonnes verticales et pouvant 
§tre alimented en eYiergie de maniere selective, so 
en rdponse a un signal d'horloge horizontal et 
a un signal d'horloge vertical, pour afficher une 
image composee de plusieurs motifs de pixels 
en trames alternees ; 

un modificateur (30 ; 50) de trajet optique fait ss 
d'un 6l6ment rdfractant la lumiere dispose en- 
tre ledit dispositif (10) d'affichage d'image et un 
spectateur (1) de facon que le spectateur voie 



une image affichee sur ledit dispositif d'afficha- 
ge d'image a travers le modificateur de trajet 
optique, et destine a decaler le trajet optique 
entre ledit dispositif d'affichage d'image et le 
spectateur et a decaler optiquement les motifs 
de pixels ; caracterise par: 
un moyen (24) de decalage destine a decaler 
les motifs de pixels affiched sur ledit dispositif 
d'affichage d'image en relation temporelle avec 
la modification du trajet optique par ledit modi- 
ficateur de trajet optique en ddphasant ledit si- 
gnal d'horloge horizontal dans chaque trame 
par rapport a un signal de synchronisation ho- 
rizontals de I'information d'image d6livr6e audit 
dispositif d'affichage d'image en conformite 
avec des positions echantillonneds sur I'image 
affichSe lorsque le trajet optique est decal6 ho- 
rizontalement par ledit modificateur de trajet 
optique et/ou en dephasant ledit signal d'horlo- 
ge vertical dans chaque trame par rapport a un 
signal de synchronisation verticale de I'infor- 
mation d'image en conformity avec des posi- 
tions echantillonnees sur I'image affichee lors- 
que le trajet optique est d£cale verticalement 
par ledit modificateur de trajet optique. 

8. Systeme d'affichage d'image selon la revendication 
7, dans lequel ledit modificateur (50 ; 500) de trajet 
optique comprend un element circulaire (52) ayant 
un arbre mobile en rotation situ6 au droit d'un axe 
central de celui-ci et incluant des regions (51 , 54 ; 
511 a 517, 540) alternees de maniere circonferen- 
tielle destinees a d6vier le trajet optique de quanti- 
ty respectives differentes, ledit Element circulaire 
6tant dispose dans le trajet optique entre ledit dis- 
positif d'affichage d'image et le spectateur, en fai- 
sant ainsi tourner I'arbre mobile en rotation en syn- 
chronisme avec le balayage vertical dudit dispositif 
(10) d'affichage d'image pour faire que lesdites r6- 
gions alternees de maniere circonterentielle de 
I'3l6ment circulaire viennent alternativement dans 
ledit trajet optique tandis que chaque trame d'infor- 
mation d'image est delivree audit dispositif d'affi- 
chage d'image. 

9. Systeme d'affichage d'image la revendication 7, 
dans lequel ledit modificateur de trajet optique com- 
prend un rotateur (71 ) de plan de polarisation et une 
lame bir6f ringente (72), ledit rotateur de plan de po- 
larisation et ladite lame bir6fringente 6tant disposes 
entre ledit dispositif (10) d'affichage d'image et le 
spectateur (1 ) de facon que de la lumiere provenant 
dudit dispositif d'affichage d'image passe successi- 
vement a travers ledit rotateur (71) de plan de po- 
larisation et ladite lame birSfringente (72), dans I'or- 
dre indiqu6. 

1 0. Systeme d'affichage d'image selon la revendication 
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7, 8 ou 9, dans lequel ledit dispositif d'affichage 
d'image comprend : 

un moyen (1 6) de balayage horizontal destine" 
a balayer successivement les rangdes horizon- 5 
tales de pixels a I'aide du signal d'horloge ho- 
rizontal (HCK) ; 

un moyen (13) de balayage vertical destine a 
balayer successivement les colonnes vertica- 
ies de pixels, a I'aide du signal d'horloge verti- 10 
cal (VCK) ; 

un moyen g6n6rateur (24) destine a produire 
ledit signal d'horloge horizontal ; et 
un moyen gene>ateur (24) destine a produire 
ledit signal d'horloge vertical. 15 
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FIG. 1A 



FIG. IB 



PH 



□ □ 



t— Pc -H 



□ □0D 



PvJ-t 

□□SDDiDD 




17 



EP0 606 162 B1 



FIG. 2A 



FIG. 2B 
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